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 £¤uNe2xuB{|pywNrtg{ ~ g{xuNlvwBrt{!lvwdlvr|lqp}nd±gr!tgbdgtb¥ ~ pyw{omgfpy{U=¬¼¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ hyh
M £¤uNe2xuB{|pywNrtg{ ~ g{xuNlvwBrt{!lvwdlvr|lqp}nd±gr!tgbdgtb¥ ~ pyw{omgfpy{h¬¼¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ hyh
 £¤uNe2xzr|g{|gw ~ n{ ~_§ lmwBNgf{,lmuyw ~ p}w{ovgpy{y¬¯¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ y
 £¤uNe2xzr|g{|gw ~ n{ ~_§ lmwBNgf{,lmuyw ~ p}w{ovgpy{!z¬¯¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ y
 £¤uNe2xzr|g{|gw ~ n{ ~_§ lmwBNgf{,lmuyw ~ p}w{ovgpy{U=d¬¯¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ y
N £¤uNe2xzr|g{|gw ~ n{ ~_§ lmwBNgf{,lmuyw ~ g{!eJg{,n|g{¤gfdpy6rtg{ ~ pyw{omgfpy{h¬d¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ !=
= £¤uNe2xzr|g{|gw ~ n{ ~_§ lmwBNgf{,lmuyw ~ g{!eJg{,n|g{¤e2u ~ ¥ovlq{,¥g{ ~ pyw{omgfpy{h¬
¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ }h
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­7ge2pytb¥xuN,rtg{,nd¦omp2t¥pyovlq{tpsr|lmuyw ~ nYomuyNlmflvgo
	®x?uynd%åw^Ngf{,lmuyw ~ gtu%Yom{ ~ g
	z¥fpsr|n|g¥f|lvr!gfw
#xg|e2gfr,rtpywBroqp ~ ¥fr|g|e2lmwpsrtlvuNw ~ gJxd|u!Yoq{ ~ g(r|ge2x¥tp}r|ndtg(µxp}|r|lm ~ g9e2g{|ndtg{ ~ gJovnde2lmwp}wg{pynUe2usygfw
~_§ ndwdgr|gbdwdlq¨Nng ~ g!t¥{|uyomnzr|lmuyw ~ g¦o § ¥¨Bnp}r|lmuyw ~ n2r|p}w{ª®g,rp ~ lqpsrtl«ªRpyxdxdomlm¨Bnd¥gµomp ~ ¥rtuywp}r|lmuywR¶}xp}e2¥rtbdu ~ glmw^ygt{|gy¬
 !"#$&%('%)+*,$.-/10*,235467#
'N § p}xdtc{omg(£p}blvg ~ g{'fompyn{,g{r|gbdwdlq¨Nng{xpy,rtlmfndovlmcftg{w98yydf¹áByyd ~ goqp2uNw{,no«rpsr|lmuyww98fdf¹á } ;:"  ¬<
£¤gfr,r|g¤¥rtn ~ g{ § lvw{|f|lvr ~ pyw{7nwxdtuyyp}e2e2g ~_§ p}e2¥fomlmuypsr|lmuywgfr ~ g¤sp}oml ~ p}r|lmuyw ~ g{eJu ~ covg{ ~ g ~ ¥fr|uywpsr|lmuyw ~ n2£¤gfwBrt|g
~_§ 
rtn ~ g{ ~ g=p}e.p}r>L£¤&=
¬­ § uydg6rtl«ª ~ g{'rttp=sp}nd±e2gfwd¥{{|nd!omgwdl«rt|uNe2¥r|bp}wdg?F#F@'g{,r ~_§ ¥foqp}?uytgf'ndwYe2u ~ cfomg
~ g(ompHxdbpy{|g ~_§ p}e2uy©fpyygp}xxgov¥gr|p}w{|lvr|lmuywUbduz6¹ ~ ¥fr|uywpsr|lmuywµ.xpy,rtlv ~ g{¦xdtu%Yoq{ ~ grtgfe2x?¥fpsr|n|g ~ g{!x|u ~ ndlvrt{ ~ g
t¥pN6r|lmuyw ~ n& F {|uynde2lq{µ±bduz}¬7£¤g{rttp=spynzU{,uNwNrpy{|¥{{|ndo § p}wpyovz{|g({|xg6rttpyovg ~ n& F gwNrt|g2d¶ =LHgr5LBA_e xp}
{|xg6rt|uB{|fuyxdlmg ~_§ ¥fe2lm{t{|lvuNwR¬­7g{ ~ lm{|xuB{,lvr|lvª¸{¦gzx¥|lme2gfwBrtpynzBlq{|lvdomggfr¦lmwzª®tpy|uNndygx?gfte2gr|r|gfwBr ~_§ uNzr|gwdlm ~ g{!e2g{|ndtg{
~ gJomnde2lvwpywgJgfw#ª®uyw6r|lmuyw ~ n4rtgfe2x{C®t¥{|uyomnzrtlvuNw ~ gHw{D¦gr ~ gJompomuywdNndgfnd ~_§ uyw ~ gE®t¥{|uyomnzrtlvuNw#{|xg6r|p}omg(pyovoqp}wBr
~ g5=N2µ2(wdeB{|nd'ndwoqp}tyg ~ uye.p}lmwdg{|xg6r|p}oL¬


























Dispositif de maintien à
température constante
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­7g.xd|lmwflvx?g ~ g{g{t{tp}lq{ ~ g ~ ¥fr|uywpsr|lmuyw fuyw{|lm{,r|gHµlmw ~ nlvtgHndwdg.uNw ~ g ~ gHbduz.xdoqp}wdgH{|uynzrtgfw^ndg ~ pyw{omg±#Fxp}
lme2xpyr(xdoqp}w ~_§ ndw¡x|uyg6rtlvomgH{|nd9ndwggovomndomg±uNwBr|gfwp}wBro § gzxdomuN{|lvª
XWlvNnd|g4Y6¬$­Rg{ ~ lme2gfw{|lmuyw{ ~ n ~ lq{,x?uN{|l«rtl«ª{|uywBr
rtgfomovg{¦¨Bndg(ovg{xdb¥fwduNeJcwdg{uy{|gfty¥{!{|g ~ ¥|uNndovgwBr¦{,govuNwYndw4¥uNndovge2gfwBrxdoqp}w4{|uyndr|gfw^nR¶wduyw4xg,rtnd|?¥9xp}omg{¦g[ZDgr{
~ g?uy ~ ¬
fw.ompywgndµxuNn ~ tg'xdtuyxdndoq{|gomg!xdtu}g6rtlvomg'µndwdg!^lvr|g{t{|gx?uyn=pywBr¤psr|r|gflmw ~ tgshBy¦e s{¬y­7p^lvr|g{t{|g ~ n.xd|uygr|lmovg
gfroqp.xdoqp}wd¥l«rt¥9g{reJg{,n|¥govuNt{ ~ g(bpy¨Bndgrtlvµ.o § pyl ~ g ~_§ p}lmyndlmovomg{ ~ g(b|uNwduye2¥rt|lmgPYdz¥fg{¦{|nd¦ompHflvovgN¬D­7g^l ~ g9g{,r
t¥pyovlq{,¥gwNrt|gomgxd|uygr|lmovggr!oqp2lmdomgxuNnd'¥f^lvr|gf'oqp(ª®uyte.psr|lmuyw ~_§ ndwYuNn{|{|lmw ~_§ p}lm!µJo § lmeJxpy6r¬




~ go § gzxdomuN{|l«ª$g{,ruNeJx|lq{,ggfwBrt|g.3L9gfr¦!L(e2e¬]\ o § p}ndr|tgg^r|t¥fe2lvr|¥ ~ goqp.gfomomndovgg{rfuyomov¥gndwdgª®gfw]^r|tggfw_nduN|n|g
~ goml«rtbdlmnde`F­RlaWb¶ze.psr|¥|lqp}n¨Bndl_pJfuye2e2g¦lmwBr|¥c^frxdtlmwlmxp}o ~R§ ^fr|tgrttpyw{,xp}tgfwBr{|ndndwyp}w ~~ uye.p}lmwdg ~ govuNwdyndgnd







­7g.tp=Nuywdwdge2gfwBr¦¥eJlq{xpyomp ~ ¥r|uNwpsrtlvuNw#g{r9fuyomovg6rt¥Jxp}ndwdg2rD^rtg.uyxzrtlm¨Bndg.gfrr|p}w{|e2lm{pyn&{|z{rtcfe2g ~ g.{,x?g¹
rt|uB{|fuyxdlmgxp}UYd|guNxzr|lq¨Bndgy¬?­7p ~ lq{|xgt{|lvuNw ~ nª¸p}lq{|fgp}nomnde2lvwgfnz{,gª¸pyl«r!N Ngµ2ndwU{|xg6rt|uNeJcfr|tgµ2|¥{,gp}nR¬$N¦gfnd
py|tgr|r|g{ ~ g ~ ¥rtg6rtgfnd{!{|uywBr'nzr|lmomlm{|¥fg{'{,govuNwomg ~ uye.pylvwdg{|xg6rttpyo_¥r|n ~ lv¥
P0ndwxdbduyr|uye(ndovr|lmxdovlqfp}r|gnd'e9ndovr|lqp}wu ~ g{
= L} P^yNwdeBx?uynd'o § ¥r|n ~ g ~ n ~ uye.pylvwdg^lq{,lmdomgy¶
P0ndwdgpy|tgr|r|g ~ g5=N ~ ¥fr|g6r|gnd{ :!^£ ~ wagCFd¶ P$L A_eBx?uynd'omg ~ uye.pylvwdglmwzª®p}tuyndNgy¬
FB½»)B z½DC¸»)B
­7g{¦xdbd¥fwuye2cfwdg{¦¨Bndl$uNw ~ ndlq{|gfwBrµ±ompHª®uyte2p}r|lmuyw ~ g(omp ~ ¥rtuywp}r|lmuyw XWlvNnd|g2 !xgndygwNr{ § gzxdomlq¨Nngf ~ g(oqp.ª¸pN©uyw
{|ndlm=pywBr|g
P[p}xdtc{Hlve2xpN6r¶ndw[bduzLjH{|gUxdtuyxp}yg ~ p}w{±o § gzxdomuN{|l«ª¤o § gzxdomuN{|l«ªg{r±e2lq{±gw0e2uyndNgfe2gfwBr±gfrpsr|r|glvwBr ~ g{
xdtg{t{,lmuyw{ ~ go § uy ~ |g ~ g.y Bp}gr ~ g{r|ge2x¥tp}r|ndtg{ ~ go § uN ~ |g ~ g.Ny
	2¶
P0ndwdg¦gzxdomuN{|lvuNw2r|bdg|e2lq¨Nng¦pomlvgn ~ pyw{oqpt¥fNlvuNwH{,uNnde2lm{|g!omgxdomn{¤ovuNwd}rtgfe2x{¤µo § ¥ov¥=p}r|lmuyw ~ g!r|ge2x¥tp}r|ndtgygovomg
uNw{,lq{,r|ggfw ~ g{!|¥py6rtlvuNw{bdlmeJlq¨Bndg{ ~ n F ¶
P0lvoR{|g¦ª®uyteJgpyovuNt{¤ndwdg ~ ¥fr|uywpsr|lmuyw ~ p}w{ovge2lvomlmgfnuye2xdtlmeJ¥xpyomgbduzlmwdlvr|lqp}oR¨Bndgo § uNwpyxdxgovomg{,ndx?gf ~ ¥fr|uywps¹
r|lmuyw Fj$N ¶
P0omp{|ndx?gf ~ ¥rtuywp}r|lmuyw({|gxd|uNxp}Ng¤gfr
tp}r,r|p}x?govg'bduzlvwl«rtlmpyosuyw(uy{|gftygoqp!ª®uN|e.psrtlvuNw ~_§ ndwdg'uNw ~ g ~ g ~ ¥fr|uywpsr|lmuyw
ª®uy|r|gxdndlq{!{,rtp}r|lmuywdwpylvtg¨NnlRspJ{|gxdtuyxpyygf ~ pyw{omg F ¬
­7g{^l«rtg{t{,g{ ~ go § lvwBr|g,ª¸pNgxdoqpy¨Bndg sgzxdomuN{|l«ª¶ ~ nbduzgr ~ gomp ~ ¥fr|uywpsr|lmuyw{rp}domg{,uNwBrfuywdw^ndg{f¬^wg[ZDgr¶
omg{p}lmyndlmomovg{ ~ g2bdtuywduNeJ¥fr|tlvg ~ lm{|xuB{,¥g{ ~ p}w{¦oqp±lmdomg ~_§ gzxdomuN{|lvªxg|e2gr|r|gwNr ~_§ p=yuNlvfg{¦lvwdª®uyte2p}r|lmuyw{¬­7uy{|¨Bndg9omp
~ ¥fr|uNwpsrtlvuNw ~ g^lvgwNr{,rtpydomgy¶zoqp9rtgfe2x?¥fpsr|n|gg{,ruNw{,rtp}wBrtgy¶ ~_§ p}xdtc{omg{'e2u ~ covg{ ~ g ~ ¥rtuywp}r|lmuywoqpy{t{,lq¨Bndgy¬
­7g ~ lq{,x?uN{|l«rtl«ª ~ g{,x?gr|tuN{tuNxdlvg2x?gfte2gr ~ ge2g{|nd|go § lmwBr|gfw{,lvr|¥Homnde2lmwdgfn{|gH¥eJlq{|gHxp}(ovg{,z{,r|cfe2g ~ ndtpywBrr|uyndr|g
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­pYyndtg5=2tgfxdt¥{|gfwBr|gnwYgzgfe2xdomg ~ goqp.t¥fx?uyw{|g ~ n ~ ¥fr|gr|gnd!x?uynd ~ gfnzomuywdNndgfnd{ ~_§ uyw ~ g ~ p}w{'ovg ~ uye.p}lmwdg
^lq{,lmdomgy¬D£¤g{'e2g{|ndtg{'e2gr|r|gwNr¦gfwY¥f^l ~ gfwgo § gwNrt|¥g ~ nUbduz}¶omp2ª®uN|e.p}r|lmuyw ~ goqp.{,ndx?gf ~ ¥fr|uywpsr|lmuyw7¶dompJª®uN|e.p}r|lmuyw ~ g
o § uNw ~ g ~ g ~ ¥rtuywp}r|lmuyw2gr¤o § lvwBrtgfpy6rtlvuNw ~ g!o § uNw ~ g!p=ygompª®gw^rt|g ~_§ uN{|gft=p}r|lmuywR¬}­7g{¤{,lmywpynz({|uywBr ~ uNwdwd¥{
lmflgw.ndwdlvr|¥
py|dlvr|p}lmtge.pylm{Wlvoq{W{|gftuywBrxpyomp9{,ndlvr|g ~ uywdw¥{W{|uyn{$ª®uyte2g ~ g!omnde2lvwp}wfg*),+.-0/216¶Ngw2r|gfwp}wBr¤uNe2xzr|g ~R§ ndwg¦fpyovlmdpsrtlvuNw
~ n ~ lq{|xuB{,lvr|lvªgw ~ ^wp}e2lq¨Nngy¬
ÁÁÈ%ldÖ×Ö=Ó
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fwHe2lvomlvgnH{,ge2l«¹Lr|p}w{|xpy|gwNr
g{r{,n{tgxzr|lmdomg ~_§ p}{|uyt?gf¶ ~_§ ¥fe2gr|r|tg!gr ~ g ~ l Z?n{,gWndwHp=yuNwdwdgeJgwBr ~ p}w{¤bpy¨Bndg
¥ov¥eJgwBr ~ gNuyomnde2gXWlmyn|gh¬z­ § ¥¨BnpsrtlvuNw ~ grttpyw{ª®g,rtp ~ lqpsr|lvª7g{r'uydr|gfw^ndggfwg[ZDgr|npywBromgdlvoqp}w¥fwgfty¥rtlm¨Bndg ~ g
fg{'gTZ?gfrt{'{|uyn{omg{'b^^x?u}r|bc{|g{{,nlvsp}wBrtg{ 
P0o § ¥¨Bndlmomlvdtgr|bdg|e2u ~ ^wpyeJlq¨Bndgovuzp}o_g{,rpsr|r|glvwBr¶
P0o § g[ZDgr ~ gomp ~ l Z?n{,lmuywg{,r'wd¥fNovlmy¥N¶
P0ompJxdtuyxp}Np}r|lmuyw ~ np=yuNwdwdgeJgwBrg{r!lmw{,rtp}wBrp}wd¥gy¬
$uynnwdgovuNwdyndgnd ~_§ uyw ~ g ~ uNwdwd¥g%$7¶doqp9x?gf|r|gxpy!p}{|uytxzr|lmuyw ~ p}w{o § ¥ov¥e2gfwBr ~ gyuyomnde2gg{,r'gzxdtlve2¥fgµ(o § p}l ~ g
~ nYfuBgf³HlmgfwBr ~_§ p}{|uytxzr|lmuywe2uywduzbdtuye.psrtlm¨Bndg% + xpy







­7gNp}lmwxp}¥fe2lq{|{|lmuywª¸p}lvr!¥fNpyovge2gfwBr'lvwBr|g|NgfwdlmompJomnde2lvwp}wfg ~ nYuytx{wduNlv ) ! + ¶
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u  -  1Wg{,r!ompJrtgfe2x?¥f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­prp}domgª®uyn|wdlmgxp}Wovg£¤&= ®Nuylmapydomgp}n.  ~ uywdwdg ~ g{
sp}omgfnd{ ~ g!fuBgf³HlmgfwBr ~_§ py{|uytxzr|lmuywJe2uywduzbdtuye.psrtlm¨Bndg
x?uyndomg{Homuywyndgndt{ ~_§ uyw ~ g ~ n ~ lq{|xuB{,lvr|lvª9µ ~ l Z?¥|gwBr|g{±r|ge2x¥tp}r|ndtg{¬¤­7g{Hspyovgndt{p}n[tgfx?uN{ ¸µ oqp rtgfe2x?¥fpsr|n|g
pye9dlqp}wBr|g}!= 	 {|uywBr({|ndxdx?uN{|¥fg{uNwdw^ndg{9gr({|uywBr ~ uNwHfuyw{|l ~ ¥ft¥fg{9uye2e2g ~ g{9fuyw{,rtpywNrtg{¬j^govuNw ovg£¤ =J¶fg{
sp}omgfnt{x?gfndNgfwBr ^rt|gnzrtlvomlm{|¥fg{n{t¨Nn § µJgfw^^lm|uNw4DLyy
	2¬ !n ~ gomµ¶zovg#F5{|g ~ ¥fuye2xuB{,gN¶^gr § g{,r'o § lmwuNwdw^n  ~_§ uomp
xdt¥{|gfwBrtg¥fr|n ~ gy¬f¬¬
­7g{(=pyovgnd{x?uyndJovg{rtgfe2x¥tp}r|ndtg{J{|ndx¥|lmgfn|g{9{|uywBr9g{,r|lme2¥fg{(µ4xp}|r|lm ~ ge2g{|nd|g{9gfzx¥|lme2gfwBrtpyovg{ ~ govnde2lv¹
wpywg{f¬£¤gxgw ~ p}wBr¶^fgr|r|g¦r|gbwdlm¨Bndgwdgxg|e2gfrxpN{ ~ g ~ ¥Ywdlm ~ gu^g³HlmgfwBr{¤x?uyn ~ g{¤r|gfe2x?¥fpsrtnd|g{Wlmwzª®¥|lmgfndtg{µ
= L}y 	 ®wdlDeC^fe2gµ9gfr,rtgrtgfe2x¥tp}r|ndtgxuNnd¤omg{ ~ gnzHxdtgfe2lvgt{ ~ ¥rtgr|gfnt{6¬.¦¶Nomg{¤xdtu%Yoq{ ~ grtgfe2x¥tp}r|ndtg!ª¸pylm{tp}wBr
o § uNzgr ~ n.e.p}bd¥'xdt¥{|gfwBr|gwBr ~ g!wduNe9dtgfn{,g{#fuNwdg{ ~ p}w{ompBp}e2e2g¦!Lyy Pc=Lyy 	2¬ åog{r ~ uyw!wd¥fg{t{|pylvtg ~ g ~ ¥Ywdlm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|¥¥ ~ gnz2rtp}ovg{¤x?uyn¤o § lmwBr|g|x?uyoqpsrtlvuNw ~ g{u^gf³.flvgwBrt{ ~_§ py{|uytxzr|lmuyw Nomp(xdtgfe2lvc|gN¶ ~ l«rtg ,e.pszlve.pyovg  ¶
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  !p}nz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t¥fg{'wduNw ~ ¥Ywdlmg{¦µ =Lyy 	 gr
gw ~ ndxdomlq¨Nnp}wBr¦omg{=pyovgnd{µ = L}y 	 x?uynd!Lyy 	2¶gfr¦oqpH{|guNw ~ gN¶ ~ lvr|g t¥fNndovlmcftg  ¶zg{,r¦uNzr|gw^ndggfw4xd|uNovuNwdygp}wBr ~ g
ª¸pN©uyw|¥yndomlmcftgomg{sp}omgfnd{ ~ ¥,µ9ª®uyndtwdlmg{ ®Nuylm¤oqp Wlmyn|gJu±omg{fuBgf³HlmgfwBrt{ ~ g{ ~ gfnzHrp}domg{{|uywBr¤tgfx|¥{,gwNrt¥{¤gfw
ª®uNw6rtlvuNw ~ goqpJr|ge2x¥tp}r|ndtgxdndlq{'gfwª®uywr|lmuyw ~ g{ovuNwdyndgnd{ ~R§ uNw ~ g{6¬
­7g{xdtu%Yoq{ ~ nfu^g³HlmgfwBr ~_§ py{|uytxzr|lmuywHe2uNwduzbd|uNe.psr|lq¨Bndg!rtbd¥fuN|lq¨Bndg{¤x?uynd'oqp9omuywyndgnd ~R§ uNw ~ gomp(xdomn{{,gw{|lvdomg
F{,lvzlvceJg ~ ¥rtg6rtgfnd 
{|uywBrtgfxdt¥{|gfwBr|¥g{
{|ndoqp
WlvNnd|gD=d¬ åoq{Wfuyt|g{,x?uyw ~ gfwBrµo § ¥fspyovnp}r|lmuyw2xpylvwBrtgftxuNomp}r|lmuyw.µxp}|r|lm
~ g{xdtu%Yoq{ ~ g2r|ge2x¥tp}r|ndtgJr|bd¥uytlm¨Bndg{ ~ g2omp Wlmyndtg Lz¬R­Rg{u^g³HflvgwNr ~_§ p}{,uN|xzrtlvuNw4lmwBr|gftx?uyom¥{µo § p}l ~ g ~ g{ ~ gfnd
rp}domg{7eJuNwBr|tgfwBr ~ g{ ~ l Z?¥|gwg{ ~_§ p}nzrp}wBr7xdomn{7e2pyt¨Bnd¥g{R¨BndgWovg{_r|ge2x¥tp}r|ndtg{R{|uywBrfuye2xdtlm{|g{ ~ p}w{Romp'Bp}e2e2g!DLyy P
= L}y 	 Rg.¨Bndl
g{,rovg.fpN{ ~ p}w{omg{rt|uNlm{ ~ g|wlvgt{fpN{f¬_­p±rp}domg2|¥yndomlmcftg(µr|gw ~ p}wg.µxd|u ~ nlvtg ~ g{u^gf³.flvgwBrt{
~_§ p}{,uN|xzrtlvuNw4xdomn{¥fomgfN¥{x?uyndg{¦r|gfe2x?¥fpsrtnd|g{f¬ yg(fgr,rtgJrtp}ovg2t¥fynovlmcftgy¶?ovg{u^g³HlmgfwBr ~_§ p}{|uytxzrtlvuNw ~ p}w{¦omg
py{h2|g ^fr|gfwBr'ndwYfpytpN6rtcftgxpy,rtlmfndovlmcftgfe2gwNr!fuye2xdomgzgy¬
­7g{xdtu%Yoq{ ~ nYu^g³HlmgfwBr ~_§ p}{|uytxzr|lmuywe2u ~ ¥fomlm{|¥{{|uywBr'|gxd|¥{,gwBr|¥{{|ndompCWlvNndtg(h¬ åom{'fuyt|g{,x?uyw ~ gfwBrµJo § ¥sps¹
omnpsrtlvuNw0xp}lvwBrtgftxuNomp}r|lmuyw0µ xpy,rtlv ~ g{Hx|u!Yom{ ~ gUrtgfe2x¥tp}r|ndtgUe2u ~ ¥fomlq{,¥{ ~ g4oqpWlmyndtg yN¬Ng#wduye(dtgfnz¯xdlm{
xpytpN{,lvr|g{!{|uywBrxdt¥{|gfwBrt{ ~ p}w{!omg{py{9y¶?.gr =¶{|nd|r|uyndrxuNndomp2rp}domgt¥fNndovlmcftgy¬-åom{{ § gzxdomlq¨NngfwBrxpyomgª¸p}lvr¨Bndg(omp
~ l ZDn{,lmuyw±wBneJ¥|lq¨Bndg!¥frtp}wBrxdovn{WuNn.eJuNlvw{WdlmgfwuywBrt Nov¥gy¶}omg{Wxd|u!Yoq{ ~ gr|gfe2x?¥fpsrtnd|g{W{|uywBrWxdomn{¤uyn.e2uylmw{uNwNrtlvw^n{¶
gfr ~ uywo § lvwBr|g|x?uyoqpsrtlvuNw ~ p}w{oqp2NpyeJe2g2DLyy Pc=Lyy 	 ª¸p}lvrp}xdxp}pqr|tgfgxlmy¶dxdomn{'e.p}¨Bnd¥xuNnd'ompJrp}domgt¥fynovlmcftgy¬
FUpylm{¶Rx?uynd9ª¸p}lm|g ~ g{p}oqndoq{f¶7lvoWª¸p}nzr9lvgw¡p ZDg6rtgfnwdg.sp}omgfnd9pyn¡u^g³HflvgwNr ~R§ py{,uN|xdr|lmuyw ~ p}w{9gr|r|gHBp}e2e2g ~ g
rtgfe2x¥tp}r|ndtgy¬¬f¬ N¦pyw{ovgpy{h¶ovg{xd|u!Yoq{r|bd¥uytlm¨Bndg{{|uywBr ~ ¥,,µ.uywBrtlvw^n{¶dg{xdlm{¥rp}lmgfwBr ~ uyw ~ ¥,µJxd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tuye.p}r|lq¨Nng6gfomovg{
fuyt|g{,x?uyw ~ gfwBr!µ(nwdguyndNgf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x?uynd'o § lvwBr|g|x?uyoqpsrtlvuNwR¬£¤grpN{,x?grbdlm¥fp}bdlq¨Bndg ¸uyne9ndovr|lm¥bgfomovgWg{rrt|c{lve2x?uy|rtp}wBrxuNnd'o § lmw^ygf{|lvuNwfpylvo_x?gfte2gr
~ gfuyw^yg|Ngfygt{ndwdg{|uyomnzrtlvuNwxdomn{t¥fNndovlmcftgy¬
I  d ¡B½C¸ z½DC¸»)B ¿y»?  j$À^B½ ' ­pxd|ge2lvc|g.xpytpye2¥r|tlq{|p}r|lmuywR¶ ~ lvr|g ,fuye2xdomcr|g  ¶7|gBlmgfwBr9µYfuyw{|l ~ ¥ftgf¨Bndg2r|uNnzr|g{
omg{'gwBr|t¥fg{ ~ goqp(rtpydovg ~ gfu^g³HlmgfwBrt{{,uNwNr ~ g{ ~ gfN|¥{ ~ govlm?gf|r|¥x?uynd'o § lmw^ygt{|lvuNwR¬ !lmw{|lF¶
V  !  -  - 1    ! ! !     -   ! ! !     *FdY
­p ~ lve2gfw{,lmuywg{,r ~ uyw  -gr!oqp ~ ¥f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I  d ¡B½C¸ z½DC¸»)B ½ 'cB» 3C '^À¸À ' ­p ~ gnzzlvce2gxp}p}e2¥rt|lq{|p}r|lmuywR¶ ~ lvr|g årtgfw{|uytlmgfomovg  ¶g{,r.yndl ~ ¥fgxpyJoqp#|ge2pyt¨Bndg
{|gfomuywUoqpy¨Bndgovomgoqp2rtpydomg ~ gJu^g³HlmgfwBr{!tgfxdt¥{|gfwBr|¥ggfwY¥bdgfomomg9omuyNpy|lvr|beJlq¨BndgB®NuylmWlmyndtgHe2uywBr|tg ~ g{¦fuyndt?g{
xdtg{t¨Bndg!xpytpyovomcfomg{ F{,n,rtuynzrWx?uynWoqprtpydovg|¥yndomlvc|gN¶yµBp}nbdg6¬ lvw{,lL¶B{|lo § uyw.wduN|e.p}omlq{,g'g{Wfuyndtg{xpyomgfnd¤=pyovgnd
e.pszlme.p}omg Fuyttg{|xuNw ~ p}wBr¤µ(oqprtgfe2x¥tp}r|ndtgoqp(xdovn{py{t{,g¦uynp}n±x|geJlmgf ~ ¥fr|gr|gnd¶zgfomovg{{,g{,ndx?gftx?uN{|gfwBrx|g{|¨Bndg
¸yuylm WlvNndtgJ3Lgwbp}nzr!gfrp}ne2lvomlvgn 6¬
­ § l ~ ¥fg(g{,r ~ uyw ~ g({|¥fxpy|gomg{¦sp}tlmpydovg{!gfr ~ g2uNw{,l ~ ¥|g ~ g{¦ª®uN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­ § g|tgfndtgfoqpsr|lmyg¤uye2e2lq{,gxp}$gfr,rtg¤xpytpye2¥r|tlq{|p}r|lmuywg{,r$|gxd|¥{,gwBr|¥fgWgfw9py{ ~ g¤oqp Wlmyn|g¦DLz¬omovgtg{,r|g¤tpylm{|uywdwp}domgy¶
{|nd|r|uyndr ~ p}w{omgfpN{ ~ gomp(rp}domg|¥yndomlvc|gN¬
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tg{ =Bz¶*=cM^¶dh^JgrhcM;¬­7g{
¨Bndgom¨Bndg{9fpN{x?uyndomg{t¨Bndgfoq{oqpY{|gfw{|lvlvoml«rt¥Htg{,r|g2r|tc{ª®uy|r|gR¸ovg{9uNndtg{|uNndyg{uyn ¥ygfwBrtndgfomovge2gfwBrdomgfn ª®uNw¥ ~ g{
Wlmyndtg{ =Nd¶ = Lz¶zhB2uynh L2{|gr|tuyndNgfwBr'r|tc{!xd|uzbdg{ ~ g{uyn|?g{'wuylm|g{Dfuyt|g{,x?uyw ~ gfwBrpynzpy{'uomp2rtgfe2x?¥fpsr|n|g
tg{,r|goqp2xdovn{'{,gw{,lmdomg ®gr¦g{,rrtuynsuNnd{ ~ gyp}w ~ g ~ lme2gfw{|lmuyw ¬
­ § lmwBr|gftx?uyoqpsr|lmuyw4ovlmwd¥pylvtg2{,nd¨Bndgfoq¨Bndg{wd·n ~ { ~ gJr|gfe2x?¥fpsrtnd|g®¥frtp}wBr ~ uNwdwd¥fg{ovg{¦spyovgndt{ ~ gJr|ge2x¥tp}r|ndtg ~ g{
xdtu%Yom{¶yomg{ ~ gfnd ~ gftwdlvgt{Wwd·n ~ {¤w § uywBr¤¨Bn § ndwdg¦lvw(_ndgfwfg¦w¥fyomlmygpydomgy¶}gfrp}ntpylvgwNr¤xdn{&^r|tg¦{|ndxdx|lme2¥{$g{,r ~ uNw}¶ ~ n
x?uylmwBr ~ g^ndg ~ gomp2{|gfw{|lmdlvomlvr|¥ ~ goqp2eJu ~ ¥ovlq{tpsr|lmuyw7¶zndwdge.p}wdlmcftguyttg6rtg ~ gxd|uzf¥ ~ g¬
åo?g{,rlmwBr|¥|g{|{tp}wBr ~ g¦|ge.p}¨Nngf¤¨Bndg¦omp9xp}p}e2¥fr|tlm{tpsrtlvuNw2r|gfw{,uN|lmgfomovgw § g{rtg{|xuNw{|pydomg¨Bndg ~_§ ndwdg¦ª¸p}lmdomg¦x?gf|r|g ~ g
{|gfw{|lmdlvomlvr|¥y¶zpyn±tgfNpy ~.~ n±Npylvw ~_§ nwHª¸pyr|gndh({|nd¤oqp ~ lve2gw{,lmuyw ~ nxp}p}e2crt|g ~ gfuBgf³HlmgfwBr ~_§ p}{,uN|xzrtlvuNw@¸fuyndt?g{




xpy.tpyxdx?uy|r.µ´oqp´{,gndomgUuye2x?uN{tp}wBr|gomlv¥gUp}n0u^g³HflvgwNr ~R§ py{,uN|xdr|lmuywP¨Bn § g{,rHomgª¸py6rtgfnd ~R§ pyeJxovlvr|n ~ g ~ gYoqp4rp}domg
~_§ lmwNrtgftxuNomp}r|lmuywR¬
I  d ¡B½C¸ z½DC¸»)B = . C¸½ ' . 'UÀ 4½ 'B  jW*/d½ /'eN § ndwYxuNlvwBr ~ g^ndgN¥fwd¥tpyoF¶^oqp2xp}p}e2¥fr|tlm{tpsrtlvuNw±t¥ ~ ndlvr|g ~ gomp
rtgfe2x¥tp}r|ndtg ¸p ~ p}xzrt¥fgµ2bpy¨BndgfpN{ ~ ne2pytb¥Y6¶zwg¦ª¸pyl«r!xpy{r|tuyxxg ~ |gwduNwxdomn{ ~ g{|gfw{,lmdlmovlvr|¥N¶d{,nd|r|uNnzr!uNeJxdr|g
rtgfw^n ~ nª¸p}lvr¨Nngoqp ~ lme2gfw{|lvuNwg{r!gwuN|g ~ lm^lm{|¥fgxpy'ndwª¸py6rtgfnd ~ g¨Nngfoq¨Nng{e2lvomomlvgt{¬
$uyn¦oqp±xp}p}e2¥rt|lq{|p}r|lmuywY{tfp}oqp}lmtg ~ gJwdlmygpyn#z¶?lmoª¸pynzrgfw#g[ZDgreJu ~ ¥|g{tp.rt|c{uNwdwdg2{,gw{,lmdlmovlvr|¥Jxpy¦oqp±{|gfndomg
lmw(_ndgwg ~ g{!fuye2xuB{|pywBr|g{ ~ grtgfe2x?¥fpsr|n|gN¶zgrgovomg ~ gwdlmygp}n =d¶ ~ g ~ lve2gfw{,lmuywr|tc{t¥ ~ nl«rtgB ~ g92µ2{|ndlm=pywBromg
py{6¶t¥fNcfomgr|uNnsuynt{$n{|¨Bn § µd¶hHuNnU.sp}omgfnd{{|lvwyndomlvc|g{ ~ pyw{!ndwUª¸py6rtgfnd{yN.p=ygoqp.xdomn{yp}w ~ gE¸uNe2xp}tgf
omg{!fuyndt?g{|uNndyg{f¶zpynzuNndtg{|uB{,g{ ~ g{ Wlmyndtg{=y¶$=Ld¶zhN(gr!h L6¬
Np}w{7ovg¤fpy{ ~ goqpxp}p}e2¥rt|lq{tpsr|lmuyw¦r|gw{|uytlvgovomgy¶lmoyg{r|ge2pyt¨Bnpydomg$¨Bndg¤gfomomg{ ~ gWwdlvNgpyn'gr ='e2uNwNrt|gwBr7¨Nnpy{|lve2gfwBr
oqpYeC^fe2g ~ ¥tuylq{|{tp}wg ~ g{9=pyovgnd{{,lmwdNndovlmcftg{ ~ p}w{9ovg{fpN{.y¶$gr= Fuye2xpy|gomg{fuyndtg{yg,rtg{pynz&fuyndt?g{
,pyndwdg{ ~ g{ Wlmyndtg{ =y¶D= Lgr$hN6¬=£¤gompe2uywBr|tg¤¨Bndg¤ovg{7xpytpye2cr|tg{ ~ gWrtgfe2x?¥fpsr|n|g¤|gfr|gfw^n{¶fomlm¥{$p}nzfpytpN6rt¥ftlm{,r|lq¨Bndg{
xdtlmwlmxp}omg{ ~ g{¤x|u!Yom{µ(eJu ~ ¥ovlq{|gf¶B{|uywBr¤omg{xdomn{{|gfw{|lvovg{f¬(Np}w{¤ovg¨Bnpsrt|lmcfe2gfpy{¶^omp(uNwomn{|lvuNwHg{,rxovn{e2lvr|lmy¥fgN¶
t¥fN¥foqp}wBr¨Bn § lmo_ª¸p}lmovomg{tp}w{ ~ uNnzr|ggwuN|g.rttp=sp}lmomovg¬¬f¬
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­p.xp}p}e2¥fr|tlm{tpsrtlvuNwfuye2xdomcr|g ~ gwdlmygp}n4Je2uywBr|tgomgeC^fe2g ~ ¥ª¸p}ndr ~_§ ndwdgrt|uNxYyp}w ~ g{|gfw{,lmdlmovlvr|¥(xp}!p}xxuN,r
pynz#uNe2xuB{|pywNrtg{ ~ gJr|ge2x¥tp}r|ndtg.¨NngJoqp{|p}oqp}lm|g ~ pyw{ovg{fpN{d¶0=grh¶Rfgfx?gfw ~ p}wBr¶Rfgfomovg ~ g.wdlmygp}n=fuyw{|gftyg
wd¥p}wde2uNlvw{ndw2wduye(d|g ~ g'spyovgndt{
{|lmwdyndomlmcftg{ ~ p}w{
ndwJª¸pyr|gfn!Nyp=yg¤oqpxd|ge2lvc|g'{|ndx¥|lmgfnµndwdg ~ l #pylvwdg
¸xuNnd
ndwg ~ lve2gw{,lmuyw ~ go § uN ~ |g ~ goqpJfgfwBrtpylvwgY6¬
FB½ $CFÀ . '^¡^À¸^  'cBD½&DCB ?À'C '*s j¤» PÀ  j d ¡B½ 3CF d½GC¸»)B ¿y»?  j$À^B½ '. ' B C<_ ' d a åo!g{rHe.pylvwBr|gwp}wBr
lmwBr|¥ftg{t{tp}wBr ~ g ~ ¥rp}lmovomgf(ovg{ ~ lmtg6rtlvuNw{ ~ p}w{9ovg{|¨Bndgovomg{9xuNlvwBr|gwBr(omg{(xd|ge2lvgt{9ygr|gndt{({,lmwdNndovlmgf{ ~ go § g{|xpNg ~ g{
xpytpye2cr|tg{x?uyn!omp2xp}p}e2¥rt|lq{|p}r|lmuywuye2xdomcrtg ~ gwdlmygp}n = ~ pyw{!bpN¨Nngfpy{'p%Yw ~ gxdt¥ ~ lvtg¨Bndgfomovg{!uNe2xuB{|pywNrtg{
uNwNr ~ g{'bpywg{ ~R§ ^fr|tg|gfr|tuyndN¥fg{¬
$uyn'ovgfpN{y¶zlmoRw § p2¨Bn § ndwdg{|gfndomguye2x?uN{tp}wBr|gx?uynd'omgxp}p}e2cfr|tg ~ grtgfe2x?¥fpsr|n|gN¶zompJsp}omgfnd ~ nª®tuywBr  " ¬
£¤gfr,r|gYspyovgnd ~ n¯ª®|uNwBr2g{r.rtuynsuNnd{JpN{|{|uzlm¥fgYµ&omp&xdtgfe2lmcftg=pyovgndH{|lvwdNndomlvc|gN¶${tp}ndªx?uynd.oqp&xp}p}e2¥fr|tlm{tpsrtlvuNw
rtgfw{|uytlvgovomgxuNnd'oqpy¨Bndgfomomggovomgg{,r!py{t{,uzflv¥gµJoqp(r|tuylq{,lmcfe2guynµJomp2¨Bnpsrt|lmcfe2gN¶d{,ndlmsp}wBr!oqp9rp}domgnzr|lmomlm{|¥fgBXWlmyn|g?=!=6¬
£¤gomp2{|lvNwdl6Yg¨BndgoqpJsp}omgfnd ~ nª®tuywBr  " g{,r!omgxp}p}e2crt|gxdtlvwflvxp}o ~ nY{|^{,r|ce2gy¬
$uynomgfpy{
d¶oqp ~ lmeJgw{|lvuNw ~ nJxp}p}e2cfr|tg ~ g¤r|geJx?¥fpsrtndtgg{r =d¶=gfr
{|g{$fuye2xuB{|pywBr|g{{|uywBroqp¦=pyovgnd ~ n(ª®|uNwNr  " ¶
fgfomovgpyxd|c{omp ~ ¥fr|gfwBrtg    8; gfr!ovg ~ ¥ompylRgfwBr|tgovg{ ~ gfnd  y¬uyn{tgfe.p}¨Bnduyw{!xd|lmwflvxpyovge2gfwBr¨BndgJomg{uNeJx?uN{tp}wBrtg{   8; ¶  " gfr  2{|uywBr{|uynygfwBroqpy{t{,¥g{p}nzYxdtgfe2lmcftg{xdoqpyfg{ ~ pyw{HfgrHuy ~ tg ¸lvo¦°p p}n{|{|l'ovg{.uNeJx?uN{tp}wBrtg{ ~ n xpytpyeJcfr|tg ~ gUu^g³HlmgfwBr ~_§ p}{,uN|xzrtlvuNw 9xuNndHoqp4rp}domg
t¥fNndovlmcftgy¶gr¨Nng9omg{ ~ lvtgr|lmuyw{ ~ g{xdtgfe2lmgf{!Ng6rtgfnd{{|lmwdyndomlmgf{!wdgJ{,uNwNr¦xpy{ ~ nYrtuynzrxp}p}omomcfomg{!pynzUpszg{¦p=ygomp
rp}domg!e.pszlme2pyovgHWlvNndtg =y¬^£¤gxgw ~ p}wBr¶yomg{Wfuye2x?uN{tp}wBr|g{ ~ g!rtgfe2x¥tp}r|ndtg'tg{,r|gfwBrW¥NpyovgeJgwBrWpy{t{,uzlm¥fg{
p}nz2xdoqpyfg{
~ grD^rtgxuNnd!gfr,r|grp}domgy¬
wuytgndwdg¦ª®uylq{f¶zoqprtgfe2x?¥fpsr|n|g{,uNnzr|gw^ndg  8'; ®^lm{|ndgovomgfe2gfwBr¶Boqp2fpytpN6r|¥|lq{,r|lq¨Nng!xdtlvwflvxp}omg ~ g{xd|u!Yoq{DWg{,romgxpytpye2cr|tgxd|lmwflvxpyo ~ nY{,z{,r|ceJgN¬
Np}w{omgWrt|uNlm{|lvce2gWfpN{f¶omp ~ lmeJgw{|lvuNw ~ n(xp}p}e2crt|g ~ grtgfe2x¥tp}r|ndtgWg{r$¥fBp}omgWµ Ld¬=jzg{$uNeJx?uN{tp}wBrtg{7{|uywBromp=pyovgnd
~ n±ª®|uNwBrxdtlmwlmxp}o  #" ¶^{tp^lvr|g{|{|g  #" ¶^omp(sp}omgfnd{,uNnzr|gw^ndg   8'; ¶^omg ~ ¥ompyl   gfroqp(=pyovgnd ~ nHª®tuywBr{|gfuyw ~ p}lm|g   ¬$uyn!omp.rtp}ovgt¥fNndovlmcftgy¶ovgrtlvgtf¥NpyywpywNr ~ g9omp.{|gfw{|lmdlvomlvr|¥g{r  #" ¶    8; gfr   ¶   gr  #" xdtgfwpywNr¦ovg{ ~ gfndxdoqpyfg{{|ndlvspywNrtg{¶z{|pynzª7x?uyndoqp9xpytpye2¥r|tlq{|p}r|lmuyw2r|gw{|uytlvgovomgXWlmyn|gh=6¬z­7pr|tc{uNwdwdg{|gfw{|lvlvoml«rt¥¦xp}tpyxdxuN,r'µ(omp
^lvr|g{t{|g ~ nª®tuywBrx|lmwlmxpyoD{ § gzxdomlm¨Bndg{|lve2xdomgfe2gfwBrxp}oqp9x|¥{,gwg ~ gwduye(dtgfn{|g{¤uN{tlmovoqpsrtlvuNw{ ~ p}w{omg{omnde2lvwpywg{
~ uNwBr¤oqpx?uN{|l«rtlvuNw.r|geJx?uytgfomomg!g{,r¤dlmgfw¥f^l ~ gfe2e2gfwBr¤e2u ~ l,Y¥fg¦xp}gfr,r|g¦^l«rtg{t{,gN¬z£¤gompg{rxdomnzr yre.p}n=pylm{¤{,lmywg¦¨Bnp}wBr
µ4ompYtgbgfbdg ~ gfg±xpytpye2cr|tgy¶fp}(wdu}rt|g±gzx¥|lmgfwg ~ go § lmwBNgf{,lmuyw {|lm{|e2lm¨BndgN¶¨Bndl¤ª¸p}lvrJpyxdx?gfoµYompUxd|uNxp}BpsrtlvuNw
~_§ uyw ~ g{¶7wduNn{ª¸pyl«rJ{,uNndx?©fuywdwgfoqpxdt¥{|gfwfg ~ gHwduNe9dtgfnd#e2lvwlve.pYomuzfp}ndD¬ åoWg{,r(µYx|¥yuylm¨Bndg±{tp}w{ompYx|¥{,gwg
~ g(g{uN{tlmovoqpsrtlvuNw{xpytpN{,lvr|g{f¶doqp.{|gfw{|lvlvoml«rt¥9µ.oqp2^l«rtg{t{,g #"²{,gtpyl«r!lvgwYeJuNlvw ~ |gN¬?£¤uye2e2g ~ pyw{!omg9py{'xdt¥f¥ ~ gwBr¶
o § n{|pyyg ~ g¦omprtpydovg¦e.pszlve.pyovgµr|gw ~ p}wg¦µxdovn{We2¥foqp}wygf¤o § lmw(_ndgwg ~ g{ ~ l Z?¥|gwNrtg{uNeJx?uN{tp}wBrtg{¬B£¤gfx?gfw ~ p}wBr¶Bovg{
rt|uNlm{¤xdoqpyg{ ~ grD^r|g{|uywBrWrtuynsuNndt{Wuzfnx¥g{xp} ~ g{WNg6rtgfnd{x?uylmwBrtpywNryomuyp}omgfe2gfwBrWNgf{omg{uNeJx?uN{tp}wBrtg{  }¶ "
gfr    8; ¬Np}w{g&fpy{¶Womg{xpytpyeJcfr|tg{.x|lmwlmxpynz ~ n {,z{,r|ceJg#{,uNwNromp°Blvr|g{|{|g ~ n[ª®|uNwNrxd|lmwflvxpyo#"gromp°=pyovgnd
{|uynzrtgfw^ndg%   8'; ¶dgfr ~ p}w{nwdge2uylmw ~ tge2g{,ndtgy¶zomg ~ ¥ompyl   ¬
$uynomg¨Nnpsr|tlmcfe2g¤gfr ~ gftwdlmgf$fpy{¶=omp ~ lme2gfw{|lvuNw ~ n9xpytpyeJcfr|tg ~ grtgfe2x¥tp}r|ndtg{ § ¥fomcfNg¤µ =ovg{$uye2x?uN{tp}wBr|g{{|uywBr
oqp2sp}omgfnd ~ nª®|uNwNr!x|lmwlmxpyo   " ¶?{|pJ^lvr|g{t{|g  #" ¶omp2sp}omgfn{,uNnzr|gw^ndg    8'; ¶oqp2sp}omgfnd ~ nª®tuywBr{|gfuyw ~ pylvtg%  ¶ompfuyndtdndtg ~ g'oqpuNw ~ lvr|lmuyw.µompomlmeJlvr|g¦µNpynbdg  R ¶yomg ~ ¥foqp}l   ¶yovg{WuNndtdndtg{ ~ n2rtgfteJg!{|uyntfg   gr   grWo § p}e2xdoml«rtn ~ g~ nrtgfteJg{|uyntfg#T 4¬
­7g{xd|ge2lvc|g{Rsp}omgfnd{{,lmwdynovlmcftg{{,uNwNr$py{t{,uzflv¥g{Rpyn ~ ¥ompyl  y¶=xdndlq{µomp=pyovgnd${,uNnzr|gwBng   8'; gr
µ!oqp!^lvr|g{|{|g,#"¶^lmgfwdwdgwBrgw(Yw´oqpspyovgnd ~ n4ª®tuywBrxdtlvwlmxp}o  #"gr¶Rx?uyndoqpxp}p}e2¥rt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tp}³.wd¥±p}n°yuylq{|lvwpyyg ~ n¡^tpylWx?uylmwNr¬
­Rg{r|pyf¥{J{,uNwNr(|gxd|¥{,gwBr|¥{9gfw¡¥bdgfomomg±wduN|e.p}omlq{,¥gRomg
fuyt|g{,x?uyw ~ pynHx?uylmwNrlvwl«rtlmpyogfrp}n.^tpylx?uylmwBr¬^­Rg{ ~ gnz.lvwBrtgft=pyovomg{Wwduyte.p}omlm{|¥{3E     G gr*E    
 G {|uywBr ~ ¥uNndx?¥{gw&2{,uNn{¹álmwNrtgftsp}omovg{¤bpNndw{f¬
a < a < ] ) '^.¿ d .0   s¿+*
Np}w{omg{'¨Bnp}r|tgpy{ ~ ne.pytbd¥N¶^wduyn{p=Nuyw{Wr|pyf¥¦omgf|lvr|c|g ~ g{eJuNlvw ~ |g{fp}tt¥{W{|nd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­p9e2lq{,ggfw·nd^|g ~_§ nwpyovNuytl«rtbde2g ~ ge2lvwdlme2lm{tpsrtlvuNw±g{ro § ¥rp}x?gndo«rtlve2g ~ go § ¥rtn ~ g ~_§ ndw±x|uNdovce2g¦lmw^ygf{|gy¬Bovomg
x?gfte2gr ~R§ p}³2wgf7omg{uNwomn{|lvuNw{ ~ go § p}wpyovz{|g ~ g¤{|gfw{|lmdlvomlvr|¥g{,r,¹álvoNBp}lme2gfwBr7x?uN{t{,lmdomg ~ gtgrt|uNndygDr|govomg¤fuye2xuB{|pywBr|g 
w § 4p}¹Fr|¹Llmo$xpy{e2usygw ~_§ gfe2xdtndwBr|gnw&bdge2lvw´uNwNrtuyndtwpywNr¦r|go
eJlmwdlme9nde ovuzfpyo
p}xdxpy|gwBrJomovg2xdtgfw ~ gfw&uNeJxdr|g
rtuynzrtg{'omg{wduNwz¹áovlmwd¥py|lvr|¥{ ~ nxd|uNdomcfe2gy¶^rtuynzrpyne2uylmw{!fgfomovg{ ~ gomp2e2u ~ ¥ovlq{|p}r|lmuyw ~ lm|g6r|gN¬f¬¬
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uyn{p=Nuyw{$bduNlm{|ldoqp|uNnzr|lmwdg2H	72
 ~ g  R¬yovomgfuyt|g{,x?uyw ~ µndw.p}omyuN|lvr|beJg ~ geJlmwdlme2lm{tpsrtlvuNwJxp}
t¥fNlvuNw ~ gHfuyw(Ypywg2p=yg9x|lq{,g2gw&fuye2xzr|g ~ gHfuywBr|p}lmwBr|g{ ~ g.?uytwdg{p ~ p}xdr|¥.p}nz#xd|uNdomcfe2g{ ~ g.e2uylmw ~ tg{p}t|¥{f¬
­7g{{,gndoq{xp}p}e2crt|g{µ|¥yomgf{,uNwBromg{tlvr|cftg{ ~_§ p}tD^r ?ovg2wduNe9dtg9e.p}^lme9ne ~_§ l«rt¥fpsr|lmuyw{f¶?ovg2wduNe9dtg9e.p}^lme9ne
~_§ ¥fspyovnp}r|lmuyw{ ~ ntl«rtcftgy¶yoqpspy|lqpsrtlvuNwHe2lvwdlme.p}omg ~ ntl«rtcftg!groqpsp}tlmp}r|lmuyw.e2lmwdlve.pyovg ~ n±xp}p}e2crt|gN¬N!uNn{¤ovg{¤p=Nuyw{
tg{|xg6rtlvNgfe2gfwBr Ydz¥{µ=Nd¶^yd¶ 
 gr 
  }¬zwxdtp}r|lq¨Bndgy¶z § g{,r{|nd|r|uNnzroqp9r|uyom¥fp}wg{|ndompª®uywr|lmuyw¨Nnl?x|usNu^¨Bndgo § py|D^r¶zy¥wd¥fp}omgfe2gfwBrgfwYuN|tg{|x?uyw ~ pywBr ~ gxdomn{'µ2oqp ~ ¥rtg6rtlvuNw ~_§ nwe2lmwdlme9nde¬
£¤gfrp}omyuN|lvr|beJg¤µ'e2¥fe2uylm|g¤ovlme2l«rt¥fg¤g{,r ~ ¥ ~ lv¥p}nzxdtuyovceJg{ ~ g¤yp}w ~ g
rtpylvomovgN¶ ~ uyw$rtuynzr$xpy,rtlmfndovlmcftgfe2gwNrp ~ pyxzr|¥
pynzxp}p}e2¥rt|lq{|p}r|lmuyw{ ~ g9wdlmygp}n gfrz¶?gfx?gfw ~ p}wBr¶?xpy!e.p}w¨Bndg ~ gr|ge2x{f¶?wduNn{!w § p=yuNw{ª¸pyl«r!rtuyndtwdgo § lmw^ygf{|lvuNw
¨Bndg!x?uynovg{
xpytpyeJ¥fr|tlm{tpsrtlvuNw{ ~ g!wdlmygp}n:= ¸p=Ngomg{
xpytpye2¥r|tlq{|p}r|lmuyw{t¥ ~ ndlvr|g{ ~ g!oqpr|ge2x¥tp}r|ndtg'gr ~ n2fu^g³HlmgfwBr
~_§ p}{,uN|xzrtlvuNw 6¬
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rp}wBr ~ uNwdwd¥¨Bndgovg!xp}p}e2crt|g'µuNxzr|lme2lm{|gfg{r ~ g ~ lme2gfw{|lvuNw.wduyw.t¥ ~ ndl«rtgµ2y¶Ngr¤¨BndgN¶ ~ gxdovn{f¶B{,g{WuNe2xuB{|pywNrtg{
fuyt|g{,x?uyw ~ gfwBr(µ ~ g{Jyp}w ~ gfnd{xdb^z{,lq¨Bndg{9r|uyrtpyovgeJgwBr ~ l Z?¥|gwBr|g{òrtgfe2x?¥fpsr|n|gN¶$fu^g³HlmgfwBr ~R§ py{,uN|xdr|lmuywR¶ ~ ¥foqp}lL¶
^lvr|g{t{|gy¶Dgr}¬<6¶ ~ g2{,gw{,lmdlmovlvr|¥J¥fBp}omgfe2gfwBr ~ l ZD¥ftgfwBrtg{¶D{|gJxuB{,g(omp¨Bndg{,r|lmuyw ~ g(oqp±{,r|psrt¥fNlvg ~_§ uNxzr|lme2lm{tpsrtlvuNw ?fuye2e2gfwBr
tgbdgtbuyw{,¹Lwuyn{Wr|uNnzr|g{'g{'fuye2x?uN{tp}wBr|g{ r|uNnzr|g{!µJomp(ª®uylq{ nwdgxp}'nwdg  ~ pyw{'¨BndgfoRuN ~ |g 

p}'e.pyw¨Bndg ~ grtgfe2x{¶dwduyn{'w § p=yuyw{r|g{,r|¥¨Bndg ~ gfnzY{rttp}r|¥ylmg{¤r|lmtpywBr!xp}|r|l ~ g{'xpytpye2¥r|tlq{|p}r|lmuyw{t¥ ~ ndlvr|g{ ~ n
fuBgf³HlmgfwBr ~_§ p}{|uytxzr|lmuyw7¬
­p2xd|ge2lvc|gg{,r¦¨Bnpyovl,Y¥fg ~ g  ~ lmtg6rtg  ¶dgfomomguyttg{|xuNw ~ µ2oqp2tgbdgtbdg{|lve(ndo«rp}wd¥g ~ g{uye2x?uN{tp}wBr|g{ ~ grtgfe2x¥f¹
psrtnd|g"V W gfr ~ g2u^g³HflvgwNr ~_§ p}{|uytxzr|lmuyw V-B¶_g{ ~ g|wlvc|g{uN|tg{|x?uyw ~ pywBrµHoqpHxpytpyeJ¥fr|tlm{tpsrtlvuNwYuye2xdomcrtgE®r|uyndr|g
oqpJrtpydovg ~_§ lmwNrtgftxuNomp}r|lmuywg{,r'|gbdgfbd¥fg6¬
­p({|gfuyw ~ gN¶ ~ l«rtg ,bdlm¥fp}bdlq¨Nng  ¶NuN|tg{|x?uyw ~ ¥NpyovgeJgwBrµ(ompJtgbdgtbdg¦{,lme9ndovrtpywd¥fg ~ g{fuye2x?uN{tp}wBr|g{ ~ grtgfe2x¥f¹
psrtnd|gV-W'gfr ~ gJfuBgf³HlmgfwBr ~_§ p}{,uN|xzrtlvuNw V  e.p}lq{¦p=NguNndyg,rtnd|g9xd|uNytg{t{,lmyg ~ gJfg{ ~ gftwdlmgf{ ~ gyt¥{ ~ g(omlmg,rt¥
~_§ p}?uy ~ omgª¸pyr|gnd ~_§ p}e2xdomlvr|n ~ gN¶DxuNndndwgª®uyte2g9p.xdtlmuytl ~ g(omp2rp}domgE¸xp}p}e2¥fr|tlm{tpsrtlvuNw{tfpyompylvtgY¶dxdndlq{¦ovg{!sp}omgfnd{




­7g{${rttp}r|¥ylmg{ ~ n9r^x?g ~ goqp{,guyw ~ g{|uywBr
uNwdw^ndg{xuNndb^rt|gxdomn{${rp}domg{gw(xdt¥{|gfwg ~ g|ndlvr =gfomomg{
uNw^ygftygwBr
N¥fwd¥tpyovgeJgwBrygf{
ndwg¦{|uyomnzr|lmuyw.xdomn{¤|¥yndomlmcftggw±{|ndlvspywNr¤o § p ~ pyyg!{|gfomuyw.omg¨Bndgolmow § g{,r¤xpy{
nzrtlvomg¸gre ^e2gw^ndlq{,lmdomgY
~ gtgbgfbdgf ~ g{ ~ ¥rp}lmom{ ~_§ ndwdg{|uyomnzrtlvuNwpyovuNt{¨Bndgo § uywgwg{r!gwuN|g¦r|tc{'¥ovuNlvNwd¥y¬
 #  #" ' "-/ 6 '   !
$uyn9omgfpN{omg±xdomn{J{,lme2xdomg ~ gomp ~ ¥r|uNwpsrtlvuNw¡p}nzrtuywduNe2g±{rpsrtlvuNwdwp}lmtg±{,uNnzr|gw^ndg@¸py{±Y6¶wduNn{(p=Nuyw{9uye2xpy|¥
omg{ ~ gfnzY{,r|psr|¥ylmg{'x?uyno § lmw^ygf{|lvuNwgwUxp}|rtpywBr ~ g{ ~ gfnzx?uylmwNr{!lmwdlvr|lqp}nzovuNlvwBrp}lmw{>F{,uNn{¹á¥fspyovnd¥gfr{|nd,¹á¥fspyovnd¥gfw
nzrtlvomlq{|pywNr.omg{Je2g{|ndtg{Jgdpyr|g{(gfrJ|ndlvr|¥g{¶p=ygHomg{ ~ gfnd¡rtpydovg{ ~_§ lmwBr|g|x?uyoqpsrtlvuNwR¬
­Rg{2fuye2xzr|g{¹átgfw ~ n{ ~ gYfg{
gf^x?¥ftlmgfwfg{{,uNwNr ~ uNwdwd¥{ ~ pyw{ovgapydomgp}nd¬^­ § p}wpyovz{|g ~ g{,gw{|lvdlmoml«rt¥pynbpyxdl«rt|g¦xdt¥¥ ~ gfwBr{,ge9doqp}lvrlmw ~ lq¨Bndgf¨Bndg
o § lmw^ygt{|lvuNwpyovoqp}lvr'dlvgwY{,gxpN{|{|gf ~ pyw{'g{2uNw(YNndtp}r|lmuyw{¬
­p{,r|psrt¥fNlvgJbdlm¥fp}bdlm¨Bndg ~ uNwdwdg.y¥wd¥fp}omgfe2gwNr ~ g.e2gflmomovgndt{t¥{|ndovrtp}rt{¨Bndg2ompY{,r|psrt¥fNlvg ~ lm|g6r|gN¶7{tp}nzªxuNndovg{
e2g{|ndtg{Wgdpyr|g{Wµxp}|r|lm ~ n±xuNlvwBrWlmwdlvr|lqp}o{|uyn{¹á¥fsp}omnd¥!p=Ngoqprtpydovg|¥yndomlvc|g 
 7Ng'fgr,rtg¦{,r|psrt¥fylmgy¶yomprtgfe2x?¥fpsr|n|g
~ nª®tuywBr ~ g ~ ¥rtuywp}r|lmuyw  "0g{,rxp}|ª¸p}lvr|gfe2gwNr'tgrt|uNndy¥gx?uyndomg{ ~ gnz±x?uylmwNr{lvwl«rtlmpynzp=ygoqp9rtp}ovge.pszlme2pyovg¨Bndg
fgH{,uNl«rgfw´nzrtlvomlq{|pywNromg{eJg{,n|g{gdpyr|g{uNn&|ndlvr|¥g{¬ 7Ng2oqprtp}ovg.t¥fNndovlmcftgy¶Domg{t¥{|ndovrtp}rt{{|uywBre2pyndsp}lq{f¶R{tp}ndªµ
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x?uyndg9py{¦¨NngompJrtgfe2x?¥fpsr|n|g ~ nYª®|uNwBr ~ g ~ ¥fr|uNwpsrtlvuNwg{r¦xp}|ª¸p}lvr|geJgwBr ~ ¥rtgfte2lvwd¥g9p=ygomp.rtp}ovge.p}^lme.p}omggfw
nzrtlvomlq{|pywNr!oqp2{rttp}r|¥ylmg¦bdlm¥fp}bdlq¨Bndgy¬
Np}w{ovg±py{ ~ gHomp ~ ¥r|uNwpsrtlvuNw¡{,nlv^lmg ~_§ nwdg ~ ¥fr|gfwBrtg ~ g{9xdtu ~ ndl«r{lq{|{|n{ ~ g.omp ~ ¥uNe2xuB{,lvr|lmuyw ~ n¡ F ¸fpN{9 ¶
wduNn{!p=Nuyw{ ~_§ p}?uy ~ uye2xpy|¥omg{ ~ gfnz{rttp}r|¥fNlvg{xuNnd!o § lmw^ygt{|lvuNw±gwYxp}|rtpywNr ~ nYx?uylmwBr!lvwl«rtlmpyo7xdtuzbdggfwnzr|lmomlm{tp}wBr
omg{9eJg{,n|g{gdpyr|g{gr9e2u ~ ¥ovlq{,¥g{¶7p=yg2ovg{ ~ gnz#rp}domg{ ~_§ lvwBr|g|x?uyoqpsrtlvuNw _xdndlq{wduNn{9p=Nuyw{g{|{tp=y¥ ~ g.tgbgfbdgf
{|¥fxpy|¥e2gfwBrRovg{RuNe2xuB{|pywNrtg{ ~ nxpytpye2cr|tg ~ g
rtgfe2x¥tp}r|ndtgy¶fovg{Rp}nzrt|g{D¥rp}wBr0Ydz¥fg{_µovgnd7^p}lmg$=pyovgnd¶gfww § nzr|lmomlm{tp}wBr
¨Bndgomg{e2g{|nd|g{eJu ~ ¥ovlq{|¥fg{¶zp=yg!omg{ ~ gnz.rtpydovg{f¬d­7g{uNe2xzr|g{¹á|gw ~ n{ ~ gg{fhJgzx¥|lmgfwg{{|uywBr ~ uywdw¥{ ~ p}w{¤omg
ap}domgpyn#¶_ovg{¦t¥{|ndovrtp}rt{xuNndo § lmw^ygf{|lvuNw ~ g{e2g{,ndtg{gfzpN6rtg{{,uNwNrtgfN|uNndx¥{¦{|ndoqpEWlmyndtg:Ly±gfrgfnd4xuNndovg{
e2g{|ndtg{e2u ~ ¥fomlq{,¥g{'{|uywBr!{,nd'oqpCWlvNnd|g5Lyd¬
£¤gfr,r|g±ª®uylq{¹ålL¶7lmowdg{|gfe(dovgxpy{9&p=Nuylm ~_§ p=sp}wBrtpyyg.e.p}¨Bnd¥±µYnzrtlvomlq{,g(ndwg{,r|psr|¥ylmg.xdomnzr yr2¨BndgHo § p}nzrt|g ®dlmgfw
{ d¶Noqp9fuye2xp}p}lq{|uyw2w § p ~ g{,gw{W¨Bndg{|lo § uNwHtgbdgtbdg'omg{uNe2xuB{|pywNrtg{ ~ n±xpytpye2cr|tg ~ gu^g³HflvgwNr ~_§ p}{|uytxzr|lmuyw96¬
£¤uNwg|wpywBrWo § lmwBNgf{,lmuyw ~ g{We2g{,ndtg{gdpyr|g{¤µxpy,rtlv ~ nHx?uylmwBr¤lmwdl«rtlmpyox|uzbdgN¶ylmo?pyxdxp}pqrW¨Bndg¦{|gfnovg!oqprtgfe2x?¥fpsr|n|g
{|uynzrtgfw^ndg    8; g{r$pyg{t{|lvdomgy¶{,lBo § uywndr|lmovlq{,g¤omp{rttp}r|¥fNlvgWbdlv¥tpytblm¨Bndg
p=yg
oqprtpydovgW|¥yndomlvc|gN¶fomg{p}nzrt|g{7uNe2xuB{|pywNrtg{w § ¥rp}wBr!xpN{'psr,rtgflmywpydomg{¬
$uyno § lmw^ygt{|lvuNw ~ g{e2g{|ndtg{e2u ~ ¥fomlm{|¥fg{f¶r|uNnzr|g{omg{$fuye2xuB{|pywBr|g{{,uNwBrxpy,ª¸pyl«rtgfe2gfwBr$|gfr|tuyndN¥fg{7p=ygWomp!rtpydovgt¥¹
Nndovlmcftgy¶spyovuNt{¨Bn § p=NgWomprtpydovge.pszlme2pyovgN¶=lvo^ª¸pynzromg{$tgbgfbdgfndwdgxp}$ndwdgx?uynd$omg{tgr|tuynygf7r|uNnzr|g{$xp}|ª¸p}lvr|geJgwBr¬
­p9rtgfe2x?¥fpsr|n|ge.pszlme2pyovgN¶zgfwfuytgndwdgª®uylq{¶z¥rtpywBrw¥p}weJuNlvw{|gfr|tuyndN¥ ~ pyw{r|uNn{'omg{'py{¬
uyn{uNwomnduyw{ ~ uNw}¶ ~ p}w{gJfpN{f¶?¨Nng9omg9dtndlvr ~ g(eJu ~ ¥ovlq{tpsr|lmuyw ~ 4µHoqp.xpytpye2¥r|tlq{|p}r|lmuyw|¥ ~ ndlvr|g ~ g9oqp.rtgfeJ¹
x?¥fpsrtnd|gg{,r2r|tuyxPlve2x?uy|rtp}wBr2xuNnd2xg|e2gfr,r|tg ~ g|gfr|tuyndNgf(ovg{9rt|uNlm{2p}py6rt¥ftlm{,r|lq¨Bndg{ ~ g{(x|u!Yom{¶
gxgw ~ p}wBr¶
omp
rtgfe2x¥tp}r|ndtg9{|uynzrtgfw^ndg   8; tg{,r|grtuynsuNndt{¦pyg{t{|lvdomgy¶grgovomg{ovg9{|uywBr!rtuynzrtg{ovg{'r|tuylq{'gwUo § p}{,gwg ~ g9d|nl«rp=ygoqpJrtpydovgt¥fNndovlmcftgy¬
$uynomgfpy{ ~ goqp({|ndx?gf ~ ¥rtuywp}r|lmuyw{,lme2xdovl,Y¥g Ffpy{=6¶zwduNn{p=yuyw{W¥Np}omgfe2gwNruNeJxp}t¥¦omg{ ~ gnz{,r|psr|¥ylmg{¤xuNnd
o § lmw^ygt{|lvuNw.gfwxp}|rtpywNr ~ n±x?uylmwBrlmwdlvr|lqp}o?xd|uzbdg¦gfwHndr|lmovlq{|pywBromg{¤e2g{|nd|g{Wgfdpy6rtg{WgreJu ~ ¥ovlq{|¥fg{¶^p=yg!ovg{ ~ gnz.rtpydomg{
~_§ lmwNrtgftxuNomp}r|lmuyw =xdndlq{$wduNn{$p=yuyw{7g{|{tp=y¥ ~ g|gbdgfbdgf{,¥xp}t¥fe2gwNr$omg{$uNeJx?uN{tp}wBrtg{ ~ nJxp}p}e2crt|g ~ gr|geJx?¥fpsrtndtgy¶
omg{pynzr|tg{¥rp}wBrPYdz¥fg{µomgfn^p}lmg(spyovgnd¶_gw#w § nzrtlvomlq{|pywNr¨Bndg2omg{e2g{|ndtg{e2u ~ ¥fomlm{|¥fg{f¶Rp=Ng(ovg{ ~ gfnz4rtp}ovg{f¬R­7g{




­7uy{ ~ gJo § lmwBNgf{,lmuyw ~ g{¦eJg{,n|g{gfzpN6rtg{µHxpy,rtlv ~ n4x?uylmwBrlmwdlvr|lqp}o$xdtu^bgy¶oqp±r|gfe2x?¥fpsrtnd|gJ{,uNnzr|gw^ndg   8'; w § p¥fr|¥p}xdxdtuzbd¥fg¦¨Nng¦x?uyndoqp9{,r|psr|¥ylmg ~ lmtg6rtg¦p=Ng'oqprp}domgt¥fNndomlvc|gN¶}r|uNnzr|g{ovg{¤pynzr|tg{uNeJx?uN{tp}wBrtg{w § ¥frtp}wBrxpy{ ~ n
rtuynzr!tgrt|uNndy¥g{¬
£¤uNwg|wpywBromg{e2g{,ndtg{!eJu ~ ¥ovlq{|¥fg{¶zoqpJr|gfe2x?¥fpsrtnd|g{|uynzrtgfw^ndg   8'; gr!omg ~ ¥foqp}l  {|gfe9ovgwNrpNffg{t{,lmdomg{xp}omp{,r|psrt¥fylmg!bdlm¥fp}bdlq¨Bndgp=ygovg{ ~ gfnz2rtpydomg{¶Bpylvw{|lD¨NngxpyWoqp9{,r|psr|¥ylmg ~ lm|g6rtg¦p=ygomprtpydovg¦|¥yndomlmcftg¨Bndl ~ uywdwdg ~ g
xdomn{oqpH^l«rtg{t{,g ~ nYª®tuywBr ~ gJ{|ndx?gf ~ ¥rtuywp}r|lmuyw  #" ®e.p}omyt¥9oqpHxdt¥{|gfwgx?uN{t{,lmdomg ~ g(e2lvwdlme.p±omuzfpynz]6¬D­Ruy{t¨Nn § govomg{
{|uywBrtgbdgtb¥fg{{,¥xp}t¥fe2gfwBr¶dovg{flvw¨fuye2xuB{|pywBr|g{ ~ nUxpytpyeJcfr|tg ~ grtgfe2x¥tp}r|ndtg9{|uywBrxpy,ª¸pyl«rtgfe2gfwBrtgrt|uNndy¥g{
p=Ng¦ovg{ ~ gfndHrtpydovg{f¶{|pynzªx?uynd'oqp2^l«rtg{t{,g ~ nª®tuywBr ~ g{,nxg ~ ¥fr|uNwpsrtlvuNw  #" p=Ng¦omp(rp}domg|¥yndomlvc|g 

uyn{uNwomnduNw{ ~ uywx?uynd'fg¦rt|uNlm{|lmcfe2gpy{¨Bndgovgdtndlvr ~ geJu ~ ¥ovlq{tpsr|lmuywg{,r'gfwfuytgxdomn{lmeJx?uy|rtpywBr'¨Bndg ~ pyw{
omgpy{9xd|¥¥ ~ gfwBr¶gr.¨Bndg±oqpYrtgfe2x?¥fpsr|n|g{,uNnzr|gwBng    8'; w § g{,rJeC^eJgxdomn{9r|uyn}uynd{9tgrt|uNndy¥gy¬RWw°o § py{,gwg ~ gdtndlvr¶omprtgfe2x?¥fpsr|n|g±{|uyndr|gfw^ndg    8; gfr9omg ~ ¥foqp}l  ±{|uywBr9pNfg{|{|lmdovg{f¶7gr9omg{(uye2x?uN{tp}wBr|g{omg±{,uNwBrr|uyndr|g{({,l¤gfomovg{{|uywBr'|gbdgfbd¥g{¤ndwdgxpynwdgy¶{tp}ndªoqp(^lvr|g{|{|g ~ nª®|uNwNr ~ g{|ndx?gf ~ ¥rtuywp}r|lmuyw  #"¦¶¨Bndl_g{rpN{|{|uzlm¥fgµ ~ gwuye9|gnz
e2lmwdlve.p2omuzfp}nd¨Bn § lmoRg{r ~ lv³Hlmovg ~ gfuywBr|uNndtwdgf¬
$uynovgHpy{y¥wd¥ftlq¨Nng FfpN{h6¶_wuyn{p=Nuyw{ ~_§ p}?uy ~ g{t{|p=N¥ ~_§ p}e2¥ovlmuytgfomg{xdtu%Yoq{e2u ~ ¥fomlm{|¥{gfw&lvw^ygt{tp}wBrovg{
e2g{|ndtg{.gfdpy6rtg{Hµ´xp}|r|lm ~ n0^tpyl!xuNlvwBrHgw[{,ndxxuB{|pywNr±¨BndgYoqp&rtpydomg ~_§ lvwBr|g|x?uyoqpsrtlvuNwP¥frtpyl«rfuywdw^ndg¸omp {,r|psrt¥fNlvg
bdlm¥fp}bdlq¨Bndgw § p.pyovuNt{xpy{ ~ g9{|gfw{D¶p=yg¦omg{ ~ gfnzrtpydovg{f¬w{|ndl«rtgy¶wduyn{p=yuyw{fuye2xpy|¥omg{ ~ gnzY{rttp}r|¥fNlvg{xuNnd
o § lmw^ygt{|lvuNw ~ g{eJg{,n|g{¤e2u ~ ¥ovlq{,¥g{gfwxpy,rp}wBr ~ nx?uylmwBrlmwdlvr|lqp}oDxdtuzbdgy¶zp=ygomg{ ~ gnzHrp}domg{ ~_§ lvwBrtgftxuNomp}r|lmuyw ^xdndlq{
wduNn{2p=yuNw{g{|{tp=y¥ ~ gtgbdgtbdg({|¥fxpy|¥e2gfwBr9omg{2uNeJx?uN{tp}wBrtg{ ~ n°xpytpyeJcfr|tg ~ g±r|geJx?¥fpsrtndtgy¶$ovg{(pynzr|tg{(¥rp}wBr
Ydz¥g{µovgnd^tpylvgJsp}omgfnd¶_gfw&w § nzr|lmomlm{tp}wBr¨Bndg2ovg{eJg{,n|g{eJu ~ ¥ovlq{|¥fg{¶Rp=ygomg{ ~ gnz4rp}domg{¬R­Rg{uye2xzrtg{,¹Ltgfw ~ n{
~ gfg{'shJgzx?¥ftlvgwg{{|uywBr ~ uywwd¥{ ~ pyw{ovg{ap}ovgp}nzUN¦gfr=z¶^omg{|¥{,no«rpsrt{x?uyndo § lmw^ygt{|lvuNw ~ g{¤e2g{,ndtg{gfzpN6rtg{
{|uywBr'|gytuyndx?¥{{|nd'oqp WlmyndtgN(grfgfnzxuNnd'ovg{'e2g{|ndtg{e2u ~ ¥fomlm{|¥fg{'{,uNwNr!{|nd'oqp Wlmyn|g!=¬
 § p=Bp}wBr!xpy{!|¥n{|{|lµHdlvgwYe2u ~ ¥fomlm{|gf¦ovg{!xdtu%Yoq{rtbd¥fuN|lq¨Bndg{ ~ p}w{¦g9py{ ¸gfwUxpy,rtlmfndomlvg!xuNndoqp ~ ¥fr|gwNrtgY¶wduNn{















£¤uNwg|wpywBr!ovg{!e2g{|ndtg{!e2u ~ ¥ovlq{,¥g{¶wduNn{{|uye2e2g{¦p}t|lmy¥{'µ.wduNn{!p}xdx|uzbdg ~ g9oqpH{|gfndomgr|ge2x¥tp}r|ndtg9{|uynzrtg¹
w^ndg   8'; ¶Ngrndwdlq¨Bndgfe2gwNr¤xuNnd
omp{,r|psrt¥fNlvg ~ lm|g6rtg!p=yg¤oqprtp}ovg'e.pszlme.p}omgy¬Nj^lovg{
wdgfndª_fuye2x?uN{tp}wBr|g{ ~ n.xp}p}e2crt|g~ gJrtgfe2x¥tp}r|ndtg2{,uNwNrtgbdgtbd¥g{ndwdgJxp}ndwdgN¶_ovg{p}nzrt|g{¥frtp}wBruNwdw^ndg{¶_¨NngJfg2{|uylvrxuNndndwdg(rtp}ovg2uyn#o § p}ndr|tgy¶











        	
                  	
  
               
                      ! "     #$ # ! "  #    %  ! "  #&     ! " & $      ! "        $ ! "
   &     % ! "  &   #$  ! "     #   ! "     #    ! "         ! "        $ ! "
                   ! "     # % # ! " &     #  ! " &      & ! " & '      ! "       #  ' ! "
   &   )( '$ ' ! " $ #  #  # ! " &  #   #  ! " &      & ! " &    $  ! "       #  ' ! "
                     ! "  #   #& ! "   $ &     ! "    '   ' # ! "       ' # ! "          ! "
   &    # $ ! "  &   #&  ' ! "     #  $ ! "     #  $ ! "     # &  ' ! "          ! "
                  ! " &   # '  ' ! "       '   ! "       % ! " &     % ! "       ' # ! "
   &   )( '$ ' ! " $ $ $ # '   ! "       '   ! "    '   % ! "  $  # '  ' ! "       ' # ! "
*+ ,- # . /0 1 234 56 4 78 9 5 20 96 :<; = 7> 4 6 5 =0 7 8 4 5 14 5 96 4 54 ?@ A34 54 3 B6 9 =3C 4 5 8 @ 7 5 :4 A@ 5D E @ > 4 A :4 5 3 @ B :4 5 6 C F 9 : =G6 4 4 3 1 @ ? = 1 @ :4 H 2 @ 6 3 =6 8 4 5 20 = 73 5 = 7 =3 =@ 9 ?
























































































































































































































































































5!%$?,S !8  P  >BS 	#$%"&!2  ? &!2X!5,
 (!&(  U&!2" 5<;$ 
7& 

   (!&(-  @U    ;$&('8  &(59 
 (%?;c%cS ;(7& 8   " 3 80 &(
, 
'  (!"%SYU ( &]S ;$8S59 !", (%&( 0&8+ > %











        	
                  	
  
               
                $         & '   # %   & &  
      %    ' % %  #  %  #    $    
          ! "     # $ # ! "    #   %  ! "  #     ! "      ! "   #$   ! "
             $                 # % &  
      %       '  &  '$   '    
      )( '  # ! "    # '  ! "       % ! "       $ ! "     $   ! "   #   ! "
  
                 $   &   &  ' &  &   &  
      %    %               
        & & ! "   &   # # ! "        $ ! "    '  ! "    '  ! "    '  ! "
   $       ! " . . . &    '  ! " &    '  ! "
      %   $ '  ' ! " . . .      '  ! "     '  ! "
        ' # ! " . . .    '  ! "    '  ! "
             $   % &  % &   % &     # &  
      %   % $  %   ' %   # %      
      )( % '  ! "    # % % ! "       # ! "       % ! "  % &   # ! "    '  ! "
   $      & ! " . . . &    '  ! " &    '  ! "
      %   & '   ! " . . .      '  ! "     '  ! "
          ! " . . .    '  ! "    '  ! "
*+ ,-  . /0 1 234 56 4 78 9 5 20 96 :<; = 7> 4 6 5 =0 7 8 4 5 14 5 96 4 54 ?@ A34 54 3 1 0 8 C : = 5C 4 5 8 @ 7 5 :4 A@ 5  E @ > 4 A :4 5 3 @ B :4 56 C F 9 : =G6 4 4 3 1 @ ? = 1 @ :4 H 2 @ 6 3 =6 8 9 20 = 73 = 7 =3 =@ : 26 0 AJ 4
20 96 :4 5 8 4 9 ? 53 6 @ 3 C F =4 5 J =C 6 @ 6 AJ = K 94 4 3 8 =6 4 A34 E 2 9 = 5 20 96 :<; = 7> 4 6 5 =0 7 8 4 5 54 9 :4 5 14 5 96 4 5 1 0 8 C : = 5C 4 5 20 96 :@ 54 9 :4 53 6 @ 3C F =4 8 =6 4 A34 4 7 74 6 4 AJ 4 6 AJ @ 73 K 9 ; 9 74
54 9 :4 A0 1 20 5@ 734 8 9 2 @ 6 @ 1 G 3 6 4 8 4 34 1 2C 6 @ 3 96 4  
	              H :@ 0 = 5 E :4 5 8 4 9 ? @ 93 6 4 5C 3 @ 73  ?C 4 5 H :4 96 > 6 @ =4 > @ :4 96 LM 4 > 6 @ = 20 = 73 E 54 6 > @ 73 H A@ : A 9 :4 6







































































































































































































































































JLKNM&O*Ly P   

&( ' 0/  3 
1! 	 

&(#	 G   ?$P, S  %8     >?S %	   ?&!2  P &!2 
,  (%&(  &!2 D% + 5!  (!&(
     9U   X;$%&(8) &(P,  %. (! ;c%cS ;(7& 8   " 3 8)$%&(P,












         	
                  	
  
               
                   #   &           $     & 
     #&   #    #    #    #   # % 
       %   % %  ' & %  % %   #   
    &   '            % &
    '    $  & ! " ' '& #  & % ! " ' '%  & $ ! " '&    $  ! " '        ! " '    #   ! "
                #     '  $ #  $ #&    #   & 
     #&   $ $ ' $ # ' $ #  $ $  # % 
       %    $    #&     % #     
    &             '%  % &
    '    )(    ! " '  % $ &   ! " '      & ! " ' % %   #  ' ! " '  &  #  & ! " '    #  & ! "
  
                    #         '    #   #     & 
     #&   #&   #& &  #& &  # % $  # % 
       %   %  # % % &  %   ' %   '   
    &    '   &  % $  % $  % &
    '      # & ! " '&      & ! " '&        ! " '  %    $ ! " '  %    % ! " '     '  ! "
      #     #  ' ! " . . .   &   '  ! "   &   '  ! "
     #&    %   ! " . . . #      ! " # %   '  ! "
       %   $ #   ! " . . .     '  ! "     '  ! "
    & #   ' ! " . . .  % &  '  ! "  % &  '  ! "
    '       ! " . . . '     '  ! " '     '  ! "
                #        & $   & #  #  '   & 
     #&   $ '$  $ %  $ %   $  #  # % 
       %   % $   %  & %  # # % &     
    &     % %  %    &  % &
    '    )(  & % ! " '  # % $ #   ! " '&    & % ! " '&    &  ! " '   #   ! " '     '  ! "
      #     #   ! " . . .   &   '  ! "   &   '  ! "
     #&      & ! " . . . # %   '  ! " # %   '  ! "
       %       ' ! " . . .     '  ! "     '  ! "
    & $   ' ! " . . .  % &  '  ! "  % &  '  ! "
    '         ! " . . . '     '  ! " '     '  ! "
*+ ,- ' . /0 1 234 56 4 78 9 5 20 96 :<; = 7 > 4 6 5 =0 7 8 4 5 14 5 96 4 54 ?@ A34 54 3 1 0 8 C : = 5C 4 5 8 @ 7 5 :4 A@ 5  E @ > 4 A :4 5 3 @ B :4 56 C F 9 : =G6 4 4 3 1 @ ? = 1 @ :4 H 2 @ 6 3 =6 8 9 20 = 73 = 7 =3 =@ :
26 0 AJ 4 20 96 :4 5 8 4 9 ? 53 6 @ 3 C F =4 5 J =C 6 @ 6 AJ = K 94 4 3 8 =6 4 A34 E 2 9 = 5 20 96 :<; = 7 > 4 6 5 =0 7 8 4 5 54 9 :4 5 14 5 96 4 5 1 0 8 C : = 5C 4 5 20 96 :@ 54 9 :4 53 6 @ 3 C F =4 8 =6 4 A34 4 7 74 6 4 AJ 4 6 AJ @ 73
K 9 ; 9 74 54 9 :4 A0 1 20 5@ 734 8 9 2 @ 6 @ 1 G 3 6 4 8 4 34 1 2C 6 @ 3 96 4   	                         H :@ 0 = 5 E :4 5 K 9 @ 3 6 4 @ 93 6 4 5C 3 @ 73  ?C 4 5 H :4 96 > 6 @ =4 > @ :4 96 LM 4 > 6 @ = 20 = 73 E



































































































































































































































































































5!%$?,S  @%8  P  >BS 	#$%"&!2  ? &!2X!5,
 (!&( EXU&!2" 5<;$ 
7& 

   (!&(-  @U    ;$&('8  &(59 
 (%?;c%cS ;(7& 8   " 3 80 &(
, 
'  (!"%SYU ( &]S ;$8S59 !", (%&( 0&8+ > %
8DS, . "95	 2	 ,YU
ÁÁÈ%ldÖ×Ö=Ó
B   ,	:   ; *






















































































































































































































































































&( ' 0/  3 
1! 	 

&(#	 G   ?$P, S ?@8     >?S %	   ?&!2  P &!2 
,  (%&(  E &!2 D% + 5!  (!&(
     9U   X;$%&(8) &(P,  %. (! ;c%cS ;(7& 8   " 3 8)$%&(P,










 #" hN L} hBL!L
#" ¼yNy Nyy
  8';  =yhNy ==N}  yN NL
 R  = = 
 y¶ =L N¶ =yh
      ¼ ¶ T  ¼d¶ h LMzy¶   ¶ h =EFyd¶ h 
 #" hN L} hByy
#" ¼yNy N!=y
  8';  =yhNy =B}N  yN L%=
 R  = = 
 y¶ =L N¶ = L
    d¶   ¼ Ld¶ T  ¼d¶ h L¸ L  ¶ hBEFyd¶  
& ORN P   %	 .?)&c$%&( /   
1! 	  &( 
?2c S
5!%$ 9>S 3 (8S?,P. ",P (%&( 0& -;$%&(
+	 2	 ,  " 3  >  
"& D) *0 &(?, &(9P
'  (!S.YU




































































































































JLKNM&OWB P  # &(6.%X /   
% !-	 

&(X 2c S. $X, S 3(8?  %  > S 	#$% %&!2 G  )    !
 (!&(
 !   +%&!2 )    <;$ 
7& 
5!  (!&(%   @U  ( &]S ;$8SP,:!",P (!&( 0&
8 > %.8S
, !",5	 2	 ,YU
ÁÁÈ%ldÖ×Ö=Ó
yh   ,	:   ; *
x?uylmwBr!lvwl«rtlmpyo {rttp}r|¥fNlvg ^tpylDxuNlvwBr
bdlm¥fp}bdlm¨Bndg ~ lm|g6rtg
 #" ¼hy hB My hNyN hd hNN M hN L}
#" M}y cMsN yyN yNy  M}y yNy
  8;  = L}N =NNy =yL}h =yNy =LyN =}hBy  )yy =!LL }N  M} yy yy
 R
 N d¶  d¶ M ¶ M y    y¶ h N¶ h = y¶ h= y¶ h= y¶ h y¶ =L
   Mz¶ M M^¶  M^¶  d¶     M Mz¶  M^¶ M M^¶ M M T  d¶ = Msh¶ =  ¶ NEFdN¶ h d¶myC¸ Mz¶   d¶m¸Nd¶Ì  d¶ =y¸Bz¶Ì  d¶ h LEy
 #" ¼hyE¸!=¶ =  P P P h=!LE¸yh¶   hN L}EN 
#" M}yE¸Nd¶ L  P P P  M}y¸Bz¶ L  yNyEN 
  8;  = L}NE.M%Lz¶   P P P =}hByy  =}hByEN   )yy?FLd¶ L P P P yyy  yyEN 
 R
 NCF!=¶ M P P P ¶ ¸yh¶   Ey   y¶ h ¸Nd¶   P P P y¶ h ¸Nd¶   y¶ =LEy
   ¸Nd¶   P P P  ,y  y   ME¸yh¶m   P P P  y   y T  d¶ = ¸y¶ M  P P P d¶ h LEy d¶ h LEy
 #" ¼hy hG=B =yyN =yNy h3L!L hN L}
#" M}y NyN  M^  Mz yNy yNy
  8;  = L}N =BzM =N}yh =Ny}h =}h =d =}hBy  )yy hcM} G=!=yh G==}h Ny yy
 R
 N Ld¶  h¶ M h¶ M d¶     y¶ h N¶ = y¶ L!L y¶ L!L y¶ LM y¶ =L
   Mz¶  M^¶ h M^¶ h M^¶     M Mz¶    M^¶m T  d¶ = ò¹3MM  ¶  L?.Ms¶  d¶ÌM?¸Nd¶v   d¶ÌM?¸Bz¶m   d¶ÌM?ò¹  d¶ h LEy
 #" ¼hyE¸y¶ L  P P P hNE¸Nd¶ L  hN L}EN 
#" M}yE¸Ld¶v   P P P yNy¸ Lz¶ =  yNyEN 
  8;  = L}NEFNz¶ h  P P P =}hByy  =}hByEN   )yy?Fy¶  P P P ydCy  yyEN 
 R
 NCFLd¶ M ¶  d¶ y d¶ y ¶ ¸Nd¶ L  Ey   y¶ h ¸Nd¶   P P P y¶ h ¸Nd¶   y¶ =LEy
   ¸yh¶   ¶  d¶ y d¶ y  ,y  y   ME¸cM^¶   ¶  d¶ y d¶ y  y   y T  d¶ = ¸Nd¶   ¶  d¶ y d¶ y d¶ h LEy d¶ h LEy
& O




	:D!   
 !%$",?S  (8# 3S:,"!", (!&( 0&  
; &(  0	 2	:%,  " 3  >+$%
'#%&  * *'%3)YS ;$ $%&( 9
 !&!2P
 (% ;( cS ;c7&   %S8&( U
 S ; cS ;$%  7& / &()&(9 S %	  3*.U%&U %	 &U! 	# %'&( 0V W  -  #"   #"     8';      R          T  1>,4%  8 9
;(&(&( *$ 2c 
>9&( G% ,&(TU 	  D*  '8  3%  >CS  S&(, ,
 	:

















































































































































































































































































JLKNM&O= P   

&( ' 0/  3 
1! 	 

&(#	 G   ?$P, S '(8     >?S %	   ?&!2  P &!2 
,  (%&(    &!2 D% + 5!  (!&(
     9U   X;$%&(8) &(P,  %. (! ;c%cS ;(7& 8   " 3 8)$%&(P,

 (%S.YU ( &]S ;$8  3S, !"," (%&(60&8 >-%.8 S, !","	:G2!	 9VU
ÁÁÈ%ldÖ×Ö=Ó
N   ,	:   ; *
  % )&7# W
	'
­7g.e2pytb¥HpxuN,rt¥±{,no § ¥rtn ~ g ~ n xd|uNdomcfe2g.lvw^Ngf{,g2x?uyndoqp ~ ¥fr|g|e2lmwpsrtlvuNw ~ gHxdtu%Yoq{ ~ g2rtgfe2x¥tp}r|ndtg ~ pyw{
ndwgJfgfomovndomg(fuywBr|gwp}wBrndwUgzxdomuN{|lvªovlq¨Bndl ~ g¸wdl«rt|uNe2¥r|bp}wdg!µHxp}|r|lm ~ gJe2g{|nd|g{ ~ g(omp±ovneJlmwpywg ~ nUp=yuNwdwdgfe2gwNr
¥eJlq{9pyn uynt{ ~ gHomp ~ ¥r|uNwpsrtlvuNwR¬7­7g{e2u ~ covg{oqpy{t{,lq¨Bndg{ ~ g ~ ¥rtuywp}r|lmuyw¡{|ndyN¥fp}lmgfwBro § ¥rtn ~ g ~ g¨Nnpsr|tgHfpN{r|g{r{
fuyt|g{,x?uyw ~ p}wBr{|ng{t{|lvNgfe2gfwBr'µ 
P0omp ~ ¥fr|uNwpsrtlvuNwpynzr|uNwduye2g{rpsrtlvuNwdwp}lmtg{|uynzrtgfw^ndgN¶
P0omp ~ ¥fr|uNwpsrtlvuNw{,rtp}r|lmuywdwpylvtgp=yg ~ ¥fr|gfwBrtg ~ g{'x|u ~ ndlvrt{lq{t{,n{ ~ gomp ~ ¥fr|uywpsr|lmuyw7¶
P0omp2{|ndx?gf ~ ¥rtuywp}r|lmuyw{,lme2xdovl,Y¥gy¶
P0ndwYfpN{y¥fw¥f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|u ~ ^wpyeJlq¨Bndg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¤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bpy¨BndgYomuywdNndgfn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tp ~ lmp}r|lvªW{,uNn{ª®uyteJg ~ l Z?¥|gwNrtlvgovomg2µ±xpy,rtlv ~ g{xdtu%Yom{ ~ g(r|gfe2x?¥fpsrtnd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tgf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txuNomp}r|lmuyw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psrtnd|g{f¬D£¤gfoqp2wduyn{p2xg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|lq{,r|lq¨Nng{xdtlvwlmxp}omg{ ~ g9oqp±fuyw ~ lvr|lmuyw4lvwdlvr|lqp}omgy¶ ~ g(omp
fuyw ~ lvr|lmuywµomp9ovlme2l«rtg¦µBp}nbg!gr ~ g{Wª®uywr|lmuyw{WlvwBrtgf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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|g ~ gª¸pN©uywlmwBNgf{,ge2gfwBrx|uNxuN,rtlvuNwdwdgfomomgµJndwdgg{rtlve.p}r|lmuyw ~ go § lmwg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tlvwlmxp}o ®sp}omgfnd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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t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tgf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p}WfuywBr|tgy¶yxuNnd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